A materially-closed aquatic-ecosystem: A useful tool for determining changes of ecological processes in space Katsura Sugiura Sagami Women's University, 2-1-1 Bunkyo, Sagamihara-shi, Kanagawa 228-8533, Japan self-organizational processes in selection and adaptation of organisms to the environment. Microcosm is a useful model to learn such processes. Much of the recent works on microcosm have been aimed to answer questions of environmental impact, pollution, and resource depletion (Beyers and Odum, 1993) .
We report here a materially-closed aquatic ecosystem (microcosm). This microcosm could be a useful subject to investigate ecological processes in space.
Materials and Methods
A microcosm was prepared by self-selecting of a biological community collected from natural ponds (Kurihara, 1978) . Two species of green algae (Chlorella and Scenedesmus) and blue-green alga (Schizothrix) as primary producers, protozoa (Cycliduim), two rotifers (Philodina and Lepadella) and oligochaetes (Aeolosoma) as consumers, and bacteria (five or more species) as decomposers were the member of this microcosm. Two hundred ml of half-strength Taub's solution (Taub and Dolla, 1964) containing polypeptone (0.01%) was placed in a cotton-plugged 300 ml polycarbonate square flask and sterilized. The subculture solution (10 ml) was implanted in the flask and the flask was placed in an environmental chamber at 25 2 under cool-white fluorescent light for 12 h (2,400 lux) and in the dark for 12 h. When stability of the microcosm was studied, the culture flask was sealed by a screw cap.
The number of living bacteria was counted by the plate culture method. Other organisms were counted with a Fuchs-Rosenthal counting chamber under a microscope. Oxygen concentration of the solution was continuously measured by an electrode (YSI model 54A, Yellow Springs Instrument Co., Inc.) placed in the microcosm. Oxygen consumption in the microcosm during night time was corrected for the contribution of oxygen transport from room air to the solution. Consumption of oxygen is accepted as the respiration rate (community metabolic rate) of microcosm (McConnell, 1962) .
Results and Discussion

Characteristics of microcosm
The time course of changes in population density, and community metabolism in a microcosm are shown in Fig.  1 . After the population of organisms reached to their peaks around the 8th day, it stayed at a steady level in all species. This status was retained for more than 180 days. The flocked colonies (approximately 3 mm in diameter) were formed at the bottom of the flask at the late stage of succession. Ecological process in the early stage was highly determined by the organic substance added to the medium (0.01% polypeptone). Both the production rate and the respiration rate decreased during the period from day 3 to 8, and production of oxygen exceeded its consumption. Rapid accumulation of biomass was observed in this phase. After day 9, both the production rate and the respiration rate approached to the identical equilibrium values (Sugiura et al., 1982) . The microcosm exhibits many major features of aquatic ecosystems such as succession, metabolic balance, and homeostasis (Cooke, 1967) .
Mathematical models 1) Population dynamics:
According to the Beyers-Odum's method (1993), a mathematical model of the microcosm was developed (Sugiura, 1996) . The ecosystem was assumed to contain five members, i.e., bacteria, protozoa, two rotifers and green alga. We modeled the relationships between organisms as shown in Fig. 2 , to formulate differential equations for each member: predation, proliferation, growth, metabolite production, metabolite inhibition, etc.
The population density and the dissolved oxygen concentration were numerically integrated based on the formula. As shown in Fig. 1 (I, II) , simulated changes of the population density is in good agreement with those observed on the microcosm. The number of organisms proliferated per day (cells/ml/day) was calculated and shown in Fig. 1 (II) . The simulated population shows greater turnover rate of organisms at the initial stage of culture. It starts decline afterward, and reaches to a steady state after day 12. The turnover rate of bacteria at the mature stage is estimated approximately 0.1 1/day. As shown in Fig. 1 (III, IV) , similarity in the pattern of dissolved oxygen concentrations was found between the simulation and the observation.
Based on the results from this model, the following points could be stated: (1) There is a self-regulation mechanism to realize homeostasis in production and consumption. It makes the microcosm remarkably stable.
(2) The effects of the stress on material cycles (energy cycles) in the microcosm can be evaluated by comparing the time-dependent changes in the respiration rate with those of the control. 2) Spatial distribution of the organisms: Flocked colonies were formed at the bottom of the flask at the mature stage. Chlorella and bacteria (Fig. 3) were found at microscopic observation. Formation of such colonies that consists of producers, consumers and decomposers is an essential process for giving a stability of a microcosm at its mature stage (Kurihara, 1978) .
Formation of non-uniform distribution of organisms was simulated using a cellular automata method (Wolfam, 1986 ). An ecosystem was assumed to be two-dimensional and contain only three members, i.e., bacteria, Chlorella, and rotifer. The ecosystem was divided into a definite number of square cells and a random population density was given at each cell at the start of simulation. The population density at cells is updated at a discrete time interval. The rule given for the simulation was (1) Interactions among members are defined as similar to those shown in Fig. 2 . (2) Rotifer wanderes across any cells at random. (3) Soluble metabolites are transferred from one cell to neighboring cells by diffusion and other transportation processes. A value of 0.8 10 -5 cm 2 /sec for the diffusion coefficient was assumed for typical metabolite. A random spatial distribution pattern was attained to be visible (Fig. 4) after transient of about 2,000 steps (7 days). Population of bacteria formed separated several patches in the two dimensional grid. Population of Chlorella was overlapped on many patches of bacteria. Some patches were gradually expanding to the region, and other patches shrunk and often vanished. Under such dynamic features of pattern, the mean population density for organisms stayed at almost constant level. The mean turnover rate for bacteria estimated by this model was approximately 6 times higher than that of a model for uniformly distributed organisms. Metabolites distribution also have a non-uniform pattern as shown in Fig. 4 (Ishikawa et al., 1996) .
Mortality of the organisms increases at low coefficient of material transportation. Enhanced material transportation increases the population density of rotifer, and then the system fails its balance between production and consumption. Therefore, both low and high material transportation shortens the lifetime and gives a high risk of fail for microcosm. These results suggested that the transportation process of metabolites is one of the factors to determine the behavior of microcosm. In space, thermal convection does not contribute for material transportation. This may profoundly affect the transfer of the metabolites in microcosm. Folsome and Hanson (1986) developed a research program on the long-term sustainability of microecosystem by sealing living components in spherical glass chambers. They were successful in maintaining the small crustacean in sealed a microcosm for five years with algae as a companion member originated in the initial seed. They Fig. 3 A part of the colony formed at the bottom of the flask during the last stage of succession. The image is taken with fluorescent microscope method (Tsuji et al., 1995) . Black areas (A) are cells of Chlorella, gray areas (B) are cells of bacteria. reported that different species predominated the system under slightly different conditions. The microcosm in this study was open to laboratory air. Oxygen and carbon dioxide in the aquatic part of the microcosm could exchange with air that kept constant composition. Effects of the volume ratio between gaseous and aquatic part of the microcosm on the population density of several species were measured at day 25 with different set-up of the system. The population densities in microcosms are relatively lower than that of the open-toair microcosm. Oxygen and carbon dioxide have rather drastic changes in concentration at the early stage, because the succession of the microcosm starts with an excess of organic compounds. Excess in carbon-dioxide and deficit of oxygen in the microcosm at the early stage might cause the less population of organisms at sealed condition (Sugiura et al., 1994) .
Synthesis of a materially-closed microcosm
In order to avoid unstable features during the early phase of succession, the culture flask was plugged with a screwstopper at the 12th day after the beginning of the culture. Species composition was maintained stable for more than 365 days without artificial operation except keeping temperature and light as a controlled condition (Fig. 5) . This materially-closed microcosm could be replicated in less number of day, because the necessary species were already selected and reached to its mature phase (Sugiura, 1997) .
This microcosm could be a useful model ecosystem for research in space. We have advocated these advantages and submitted proposal to study whether this materiallyclosed microcosm is self-sustainable in space.
